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INTRODUCTION

The Beaver Basin lies near the western border of the Tertiary Marysvale
volcanic field, in west—central Utah. Many of the low hills to the north, the
Tushar range to the east, and the Black Mountains to the south are composed of
volcanic rocks, and the granite-cored Mineral Mountains to the west also
contain Tertiary intrusive and extrusive rocks. (See Rowley and others, 1979,
for a more complete description:) Like other Basin and Range valleys, the
Beaver Bésin is fault bounded, but its depth is not known. Steven and others,
1980, point out that a valley has existed here.since mid-Miocene time, and
propose that the basin may have acted as a sump for uranium leached from the
surrounding volcanics. Miller and others, 1980, have analyzed well waters
from the Beaver Basin, showing that two separate aquifers seem to be present
west of Beaver. In the location studied, the shallower aquifer (<100m) has
oxidizing waters while the deeper aquifer (>200m) has reducing waters which
are supersaturated with uranium. It is possible that uranium roll-fronts or
stratigraphic traps may occur in either aquifer, and that there may be an

aquitard between them.



This report1

presents resistivity, spectral induced polarization (1p),
and seismic data collected in September, 1980, and September 1981, in the
Beaver Basin. The purpose of this work and other geophysical work there
reported by Flanigan and Campbell, 1981, was to help resolve questions
relating to basin depth, location of border faults, location of possible roll-

front and stratigraphic uranium concentrations, and possible existence of

aquitards between shallower and deeper groundwater systems.

A. DC Electrical Soundings
Vertical electrical sundings (VES) were made using a USGS—built transmit-
ter, together with a 60 Hz, l.4 kw gasoline-powered generator. Potentials
were measured using a Honeywell "Electronic 195" strip~chart recorder. The
Schlumberger electrode coﬁfiguré?ion was used, with potential electrode spac-
ings MN/2 = 2, 6, 20, 60, 200, and 600 £t (0.61, 1.83, 6.1, 18.3, 61, and
183 m), and current electrode spacings AB/2 = 10, 14, 20, 30, 40, 60, 80, 100,
140..., 10,000, and 14,000 £t (3.1, 4.3, 6.1, 9.1, 12.2, 18.3, 24.4, 30.5,
42.7..., 3,048, and 4,267 m).
VES were made at two locations (large circles on Fig. 1):
(1) VES 1, oriented east-west, and located on Airport Road, southwest of
Greenville. Center point was at station 600W on the "Airport Road”
Slingram line described by Flanigan and Campbell, 1981.
(2) VES 2, oriented approximately north-south, and made on the median
strip of I-15. Center point was 4.0 miles north of the Beaver off-

ramp at Route 21.

—
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Preliminary interpretation of VES 1 and VES 2 was done using a program
written in BASIC language by Robert J. Bisdorf and Adel A. R. Zohdy for the
Hewlett-Packard System 45A desktop computer (unpub. program, 1979). Output of
the program is shown in Appendices Al and A2. All resistivities in the tables
and figures of Appendices Al and A2 are in units of- ohmm and all distances
are in units of feet.

For each VES, the following are given:

(a) original field data,

(b) table of AB/2 versus digitized resistivity, indicating the computer—
shifted, —smoothed and -digitized "field” curve which the program
interprets,

(¢) table of "thickness-depth-resistivity"”, giving the layer model chosen
by the program which fiEs the input curve within preset tolerances,

(d) table of "AB/2-calculated VES-smoothed VES", giving apparent resis-—
tivity values calculated for the chosen layer model and comparing
them with values from the corresponding (smoothed) field curve,

(e) plot showing input field curve, "best-fit" layer model, and apparent
resistivity points calculated for that model.

The layer models shown in Appendices Al and A2 are idealized con-
structs. Unlike nature, they have perfectly horizontal layers with uniform
thicknesses, and constant resistivity, and infinite extent. Further, the
particular model chosen by the program is only one of many which fit the
observed data. (The range of acceptable models may be analyzed using the "Dar
Zarrouk” technique of Zohdy, 1974.) Therefore, the precise parameters of each

layer model (number of layers, exact depths to top or bottom of a layer,



resistivity of a layer) are not necessarily significant; only the general
features are. Clearly there is a very thick, conducting (about 4 ohmm)
substratum present below approximately 140 ft (43 m) depth in the southern
part of the Beaver Basin (VES 1). North of Beaver (VES 2) there is a
conducting substratum which is shallower (about 50 ft = 15 m) and more
resistant, about 15 ohmm. Both resistivity values might represent sediments
containing brackish waters. These conducting substrata extend downward to a
relatively electrically resistant horizon that could represent crystalline
basement, present at about 5200 ft (1580 m) at VES 1, and at about 6000 ft
(1830 m) at VES 2. The basement—depth estimate at VES 1 is tentative due to
the big error envelopes of the VES 1 signal at large electrode distances
AB/2., The VES 2 signal quality was good at all distances, so that all depth

estimates at the VES 2 site should be correct within +20 percent.

B. Spectral IP work

Multi-frequency induced polarization (IP) measurements were made uéing a
ZERO geophysical data processor (GDP) together with a Geotronics EMT-5000
transmitter and a 10 kw gasoline~powered Onan generator. The GDP was used
with its standard IP programs,‘transmitting square-wave signals of frequencies
indicated by thumb-~dial settings O (128 sec/cycle), 1 (64 sec/cycle), 2 (32
sec/cycle), 3 (16 sec/cycle), 4 (8 sec/cycle), 5 (4 sec/cycle), 6 (2
sec/cycle, 7 (1 sec/cycle), 8 (2 cycle/sec), 9 (4°cycle/sec), 10 (8
cycle/sec), 11 (16 cycle/sec), 12 (32 cycle/sec), 13 (64 cycle/sec), 14 (128
cycle/sec), and 15 (256 cycle/sec). Measurements were made at three locations

(squares in Fig. 1):



(1)

(2)

(3)

Airport Road, 200 S. This dipole-dipole sounding was located along
the "Airport Road, 200 S" slingram line described by Flanigan and
Campbell, 198l. Two hundred-foot (61-m) dipoles were used, with
electrode 0 located at station 200E and electrode 10 at station
1800W. IP measurements were made at frequency settings 1, 4, and

7. Pseudo~sections of measured phases and apparent resistivities are
given in Appendix Bl.

Airport Road, south. This dipole-dipole sounding was located along
the "Airport Road, south” slingram line described by Flanigan and
Campbell, 1981. Two hundred-foot (61-m) dipoles were used, with
electrode 1 at station 400W and electrode 10 at station 2200W. IP
phase measurements were made at frequency settings 0, 1, 2, 3, 4, and
7. Pseudo-sectidns of.ﬁeasured phases and apparent resistivities are
given in Appendix B2. -

Big John caldera. IP spectra were measured on two outcrops of a
conglomerate beneath the Joe Lott Tuff Member of the Mount Belknap
volcanics in the Big John caldera (Fig. l1). Steven and others (1979)
speculate that this relatively-porous conglomerate may contain roll-
front uranium deposits with the uranium leached from the tuff
immediately above it. The two exposures of the conglomerate occur
along Highway 153 about 4 miles (6.4 km) apart. At the NE exposure
the conglomerate was red in color (oxidized) and at the SW exposure
it was brown (reduced). The purpose of the experiment was to test
for possible IP spectral differences between the oxidized and reduced

ground. Set-up was identical at both sites, involving 50-foot (15.2-



m) dipoles arranged at the n=1 dipole-dipole configuration. The
conglomerate at each site is at least 15 m thick (its bottom is not
exposed), and the unit appears to dip to the north. Electrodes were
embedded in the outcrop along Highway 153 and approximately in the
center of its apparent width.

Plots of the resulting IP spectra are shown in Appendix B3. No
particular differences in the spectra are apparent, so we conclude
that spectral IP cannot distinguish oxidized and reduced ground
here. This does not mean that IP cannot be used to find uranium
roll-fronts, however; Smith and others, 1976, document cases where IP
does this well. Apparently the IP responds to disseminated sulfides
or other minerals associated with the roll front, but not to oxidized
and reduced grouﬁd as éﬁch.

C. Magnetic and Resistivity Measurements at the Big John caldera IP Sites

There were minor resistivity differences between the NE and SW sites at
the Big John caldera. Resistivity of the reduced facies (SW outcrop) was 27.1
ohm—m, of the oxidized facies (NE outcrop) 19.7 ohmrm, as measured at GDP
frequency setting O. Corresponding resistivities measured at VLF frequency
18.6 KHz using a Geonics EM16 with R100 attachment were about 28 ohmm and
about 5 ohmm, respectively, with phase angles of 52° at both sites. At a
stream crossing of the SW exposure, VLF resistivity dipped to a low of 10 ohm
me The VLF resistivity of the Joe Lott Tuff Member overlying the conglomerate
was 50 ohm~m, and that of the Osiris Tuff, which lies just south of the NE
site across the topographic wall of the Big John caldera, was 38 ohmm.

The Joe Lott Tuff Member is somewhat more magnetic than the conglomer—



ate. A Geometrics model 826A magnetometer was used to make total field
magnetic measurements at the SW site along Highway 153, so that the profile
crossed the tuff-conglomerate contact at a very gentle angle. Over tuff, the
magnetics were spikey with a noise envelope of approximately 200 nT. Upon
crossing the contact, the measured field dropped by some 200 nT from the
average value over tuff and became smooth, continuing to drop at a uniform
rate of about 1 nT every 8-9 ft (1 nT/2.5 m) as we proceeded southwesterly
away from the contact. The experiment was then repeated at the NE site with
very similar results; even the magnitudes of the fields were comparable. We
conclude that there is no practical difference between susceptiblities of
oxidized and reduced conglomerate, and that the overlying Joe Lott Tuff Member
has sufficiently erratic magnetization to mask even quite large magnetic
signatures which might exigt dué'to possible redox cells in the conglomerate
below.
D. Seismic reflection and refraction

A Bison' model 1580 seismograph was used to record waves generated by
dropping a 500-pound (227-kg) weight on an identical 500-pound anvil from
heights up to 2 meters. An inertia switch started the seismometer clock at
impact. Waveforms were detected using standard Mark IV vertical-component
geophones and were recorded on strip-charts using a Bison model 1480 strip—-
chart recorder.

Preliminary refraction work was done (only) at seismic locations 1 and 3
(figure 1), and showed similar near—surface structures at both locations.
Appendix C shows data from these locations. Interpretation was done using a

hand-calculator program by Campbell, 1981. At location 1 there is an ll-m



thick surficial layer having velocity 380 m/s, underlain by a unit of velocity
1560 m/s. The interface between the two layers is horizontal (0° apparent dip
along the east-west line of the geophones, as shown by reversing the shots).
At location 3 there is a l-m to 4-m thick surficial layer having velocity 375
m/s, underlain by a 12-m to 6-m thick layer of 900 m/s material, underlain by
material of velocity 1620 m/s. Sketches of the interpreted seismic structure
are given in Appendix C.

At location 3, the interface between 375 m/s and 900 m/s material may
represent the water table, for the nearby fields are irrigated at that site.
By contrast, seismic location 1 is in dry sagebrush land, and here the 900 m/s
unit was not detected. Velocities of 1560 m/s or 1620 m/s are also typical of
sediments, moist or dry, but are too low to represent any but the most
fractured or weathered of‘volcaA;c flows or limestone units. At seismic
location 1, resistivity values increase at the approximate depth of the 1560
m/s interface (Appendix Al), so it is unlikely that this interface represents
water table there. The most likely interpretation is, therefore, that the
1560 m/s and 1620 m/s layers represent sedimentary units different from those
at the surface. These units are each estimated to be at least 24 m thick: an
assumed 3000 m/s layer at 35 m depth would lead to breaks in the observed
refraction curves between 90 and 100 m distance in both cases, and a single
(but not definitive) early arrival which may indicate such a break was
observed at one 100-m geophone at each site. ’

Reflection records were made at five places in the Beaver Basin,
indicated by X's on Figure l. In each case, seismic arrivals were recorded

for a total of three seconds after .the source impulse. (Each of the six



seismometer channels recorded for 500 msec. Delay times were set so that
channel 1 recorded from 0 to 500 msec, channel 2 from 500 to 1000 msec,
etc.) The experiment tried to detect reflections from horizons which might
represent aquitards in the sedimentary (or volcanic?) fill of the Beaver
Basin, or the crystalline basement below. Strip-chhrts of the resulting
signals are showﬁ in Appendix D.

At location 1, there were a number of arrivals which were relatively
evenly spaced and which had similar waveforms. These arrivals may represent
multiple P-wave reflections from a strong reflector below. The character of
the seismic traces changes systematically as one moves north and east from
location l. At location 2, there are arrivals to 3 seconds, but they are not
the clear bursts of emergy which_may represent multiple reflections at
location 1. At location 3, there are no strong arrivals after about 1.5
seconds. At location 4: there are no strong arrivals after about 0.8 seconds,
and at location 5 there are no strong arrivals after about 0.4 seconds. At
all these locations, the data—taking procedures were qomparable. We conclude
that the possible strong reflector at location 1 becomes ill-defined or absent
as one moves to the north, and that the sedimentary fill is too thick at sites
4 and 5 (at least) for a basement reflection to be recorded using our
particular instruments and weight drop—-system. (Presumably the wave becomes
scattered and absorbed while traveling through the thick basin sediments.)

We have the following advice for others who may try similar seismic
reflection work:

(1) Movement of nearby vehicles, animals, and crew members during any

particular 3-second recording period is very likely to add spurious



arrivals to the record. Such spurious waves often are so large they

swamp out the weak reflected arrivals you want. Therefore,

(a) Don't use the "stacking" capability of the instrument, by which
new signals are added to old as the weight is dropped again and
again. If you do, the record will end up being a composite
showing every high-amplitude accident that happened over all 3-
second recording periods.

(b) Always record at least twice at a site, and reject any wave
which doesn't arrive each time.

(2) Arrange it so the hammer strikes the anvil without tumbling off.
Multiple sources are hard to sort out!

(3) You can get as big a signal hitting the anvil with an 8-1b sledge
hammer as you caﬁ dtopﬁing the weight from about 2 ft (0.6 m), and
the frequency content of the signal is about the same (probably due
to the natural modes of vibration of the anvil). High frequencies
damp rapidly in the material f£illing the Beaver Basin, so that only
lower frequency reflections(?) are seen after approximately 500
msec. The lower frequencies imparted by the large anvil are there-
fore appropriate to this work. Dropping the 500-1b weight from 6 ft
(1.8 m) doesn't even double the signal amplitude of the post—500 msec
reflections which may be produced by sledge hammer. It would be
interesting to compare dynamite sources with weight-drop sources for

this kind of reflection work.

10



References

Campbell, D. L., 1981, Four or.fewer dipping seismic refractors:
interpretation, Program SEIS 13C in Ballantyne and others, eds., Manual of
Geophysical Hand-calculator Programs: Society of Exploration
Geophysicists, Tulsa.

Flanigan, V. J., and Campbell, D. L., 1981, Geophysical studies in the Beaver
Basin, west—central Utah: part l-—slingram, magnetic, and spontaneous
polarization profiles: U.S. Geological Survey Open-File Report 81-199,

5 p., 11 figs.

Miller, W. R., McHugh, J. B., and Ficklin, W. H., 1980, Possible uranium
mineralization, Beaver Basin, Utah: U.S. Geological Survey Open-File
Report 80-508, 35 p.

Rowley, P. D., Steven, T.'A., Aﬁéerson, J. A., and Cunningham, C. G., 1979,
Cenozoic stratigraphic and structural framework of southwestern Utah:
U.S. Geological Survey Professional Paper 1149, 22 p.

Smith, B. D., Cady, J. W., Campbell, D, L., Daniels, J. J., and
Flanigan, V. J., 1976, A case for "other” geophysical methods in
exploration for uranium deposits: International Atomic Energy Agency,
Proceedings, International Symposium on Exploration for Uranium. Ore
Deposits, Vienna, Austria, p. 337-351l.

Steven, T. A., Cunningham, C. G., and Andersomn, J. J., 1979, Uranium potential
of the Big John caldera, Beaver County, Utah: . U.S. Geological Survey

Open-File Report 79-527, 16 p.

11



Steven, T. A., Cunningham, C. G., and Machette, M. N., 1980, Integrated
uranium systems in the Marysvale volcanic field, west—central Utah:
U.S. Geological Survey Open File Report 80-524, 39 p.

Zohdy, A. D. R., 1974, Use of Dar Zarrouk curves in the interpretation of

vertical electric sounding data: U.S. Geologial Survey Bulletin 1313-D,

41 p., 1 pl.

12
































































































